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Abstract 
          Oat (Avena sativa L.) is defined as a functional cereal because of its high nutritional and health potential. Oat-based foods have recently gained popularity due to their health benefits. Oat composition is very unique due to their high-quality proteins with balanced amino acids, unsaturated fatty acids, vitamins, and minerals. Amongst all the oat composition, the soluble dietary fiber component, like beta glucan, is well recognized for lowering blood cholesterol levels, improving glucose and insulin responses after a meal, and increasing satiety. Oat composition contains very active antioxidants, including avenanthramides, phenolic compounds, and tocopherols that display anti-inflammatory, anti-atherosclerotic, and cardioprotective activities. Food products with oats have ushered significant benefits towards lowering the risk of cardiovascular diseases, type 2 diabetes mellitus, obesity, gastrointestinal diseases, and other metabolic disorders. Oat composition contains well-balanced amino acids. Moreover, healthy fatty acids like mono- and polyunsaturated fatty acids are also an integral component of oat composition. Oat composition also contains antinutritional compounds that can be eliminated by using appropriate processing techniques like fermentation and heat treatment. Oat composition is an important dietary component that can be utilized as a preventative and curative strategy for maintaining a healthy lifestyle by exhibiting significant health benefits. The review focuses on oats as a nutrient-rich functional food that provides β-glucans, protein, lipids, and antioxidants, which help in the reduction of cholesterol, regulation of blood sugar, and improvement of digestion, thereby promoting human health.
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Introduction 
           Oat (Avena sativa L.) is a cereal crop which belongs to a family known as Poaceae. Cereals are cultivated for their nutrient-rich edible grains and are used as food everywhere around the globe (Lin et al., 2025). Oats are grown all over the world. After major cereal crops, oats are the only grain that is unique among all grain types with rank as sixth in world grain production (Kim et al., 2021). Oats are mainly grown for animal production (70%) and human consumption (30%) (Barcchiya et al., 2017). Historical accounts show that oats originated around 2000 BC, but little is known about their origin. Oats were first known and grown after a long period of growing wheat and barley (Stevens et al., 2004). Morphologically, oats are similar to barley and occur in several types, including black, red, yellow, and white varieties (Ibrahim et al., 2020). Avena consists of a varied group of wild, weedy, and cultivated polyploid plants. Avena sativa is a hexaploid and, up to this point, its main variety that is grown and commercially important all over the world (Köse et al., 2021). 
            Oat are unlike all other cereals, especially in terms of their nutrition content. Oat have a large amount of protein compared to other cereals, with a well-proportioned amino acid composition (Kumar et al., 2021). Oat contain a large amount of fat (6-10%) compared with other cereals including wheat, generally with a fat content of 2-3%, whereas oats contain the biggest lipid content along with a large percentage of unsaturated fat (Banaś et al., 2007). Another significant factor contributing to the nutritional value of oats is the high content of β-glucan, which is an important component in the food industry (Ahmad et al., 2020). Oats also comprise over 20 unique polyphenolic structures called avenanthramides. The anti-oxidation potential of avenanthramides is stated to be 10 to 30 times higher than the anti-oxidant potential of cereal polyphenolic structures such as ferulic acid, gentisic acid, p-hydroxybenzoic acid, protocatechuic acid, syringic acid, vanillic acid, and vanillin (Chu et al., 2013).
             With the increasing global attention on healthy diets, the consumption of oats is continuously rising (Alemayehu et al., 2023). Oat can be consumed in different forms, which include oats in whole grains, rolled oats, crushed oats, and oat flour, as highlighted by Getaneh et al. (2021). Oats are primarily consumed as a breakfast food, either as whole grains or rolled oats. Oatmeal has been largely utilized as a cooking ingredient in the production of different baked food products, which include oatcakes, oat cookies, or bread. Recently, different innovative food products have been processed from oats, as highlighted by Angelov et al. (2018). 
           Oat based food products have gained higher popularity due to the benefits offered by the food, which help in the reduction of serum cholesterol levels, protecting against cardiovascular disease, obesity, hypertension, cancer, diabetes, gastrointestinal disease, and other diseases, as highlighted by Joyce et al. (2019). Both EFSA and FDA have approved health claims for oat-based foods containing β-glucan, since they can help to lower serum cholesterol and reduce the risk of cardiovascular disease (Martínez-Villaluenga et al., 2017). β-glucans in oats are present as insoluble and soluble dietary fibers (Ihsan et al., 2021). However, oats have much more to offer than β-glucan. Avenanthramides, the unique antioxidants in oats, protect LDL cholesterol from oxidative damage. AVA-rich oat extracts, especially when combined with vitamin C, have been found to have synergistic inhibitory effects on LDL oxidation. In addition to this, avenanthramides have anti-inflammatory, antiproliferative, vasodilatory, anti-itch, cytoprotective, and anticancer properties (Tripathi et al., 2018). Oats are very nutritious functional foods that are rich in β-glucan, proteins, lipids, and biologically active compounds. They have numerous health benefits, such as lowering cholesterol, improving glycemic indices, acting as antioxidants, promoting gastrointestinal health, and preventing chronic diseases.
Nutrient Profile of Oat Grains
         Oats are rich in essential nutrients such as protein, starch and sugars, dietary fiber, minerals, β-glucan, moisture, fat. (Fig.1 and Table. 1)

Fig.1. Comparative Nutritional Profile of Major Cereals

Table 1. Nutritional composition of whole grain oat
	Nutrient
	Whole Grain Oats
	References

	Protein
	12.4–24.5%
	Klose and Arendt 2012

	Starch and sugars
	55–60%
	Zhu 2017

	Total dietary fiber
	13.70%
	Tosh and  Bordenave 2020

	Minerals
	2-3%
	Kaur et al., 2019

	β-glucan
	2.1–6.3%
	Jakobsone et al., 2019

	Moisture
	11.90%
	Ihsan et al., 2022

	Fat
	6.90–7.92%
	Tosh and  Bordenave 2020


2.1 Carbohydrates and Dietary Fiber (β-glucan)
            Oats contain lower amounts of carbohydrates but higher amounts of proteins and lipids compared to other grains (Ryan et al., 2007). However, starch still constitutes the major component, accounting for 60% of the oat grain (Zhu 2017). Approximately 98-99% of the oat starch carbohydrates are amylose and amylopectin. Oat starch is distinct from other cereal starches in that it contains short-chain amylose, high crystallinity, and small but fully developed granule surfaces (Punia et al., 2020). 
          Oats contain a balanced proportion of both soluble and insoluble dietary fibers. Dietary fiber, also referred to as roughage, is the edible part of plants that is required in human nutrition. In the large intestine, dietary fiber is fermented partially or completely by the microbial population, resulting in the production of gases and short-chain fatty acids. The fermentation process and products are accountable for the health advantages obtained from the consumption of dietary fiber (Rezende et al., 2021).
          Whole-grain oat fiber is a combination of 60% insoluble and 40% soluble fibers. The major components of fiber include mixed-linkage (1-3), (1-4)-β-D-glucans (β-glucans), and arabinoxylans, which contribute largely to the soluble and insoluble fiber fractions. Oats contain higher levels of soluble fibers compared to other grains. Β-Glucans, mainly found in the subaleurone cell walls, are some of the most extensively studied bioactive compounds in oats (Ahmad and Khalid 2018).
          β-Glucan is a polysaccharide with D-glucose residues. Oat β-glucan is a glucose chain with 30% β-(1-3) and 70% β-(1-4) glycosidic bonds. The bonds are arranged in a specific pattern, where β-(1-4) bonds are in pairs of four, and β-(1-3) bonds are single. This gives rise to molecules with β-(1-3)-linked units, with a cellotriosyl-to-cellotetraosyl ratio of 2.2 in oats. The β-(1-3) bonds introduce irregularities in the β-(1-4) bonds, making the molecules more flexible and allowing water molecules to enter the molecules, thus increasing solubility (Yoo et al., 2020). However, the β-(1-4) bonds can form hydrogen bonds, resulting in intermolecular aggregation and decreasing solubility.
           Oats were known to have the ability to lower cholesterol levels in 1997, and β-glucan was recognized as the active compound. After reviewing several clinical studies, the FDA recognized this ability. A daily intake of 3 g of oat β-glucan is recommended to lower cholesterol (Othman et al., 2011). Clinical studies have shown that the daily intake of 3-13 g can lower total cholesterol levels by 8.2-15.1 mg/dL and LDL cholesterol levels by 7.8-13.2 mg/dL. Although these amounts appear small compared with pharmacologic therapy, a 1% reduction in blood cholesterol levels can lower the risk of cardiovascular disease by 2-4% (Jalili et al., 2019).
           Scientific evidence also supports the favorable effects of oat consumption on weight loss, cholesterol, and postprandial glucose and insulin levels in healthy individuals and patients with type 2 diabetes. Oat-based foods can lower the risk of colon cancer, manage blood pressure, prevent cardiovascular disease, and enhance immune protection against pathogens (Zhu et al., 2020).
2.2 Protein Composition and Amino Acid Profile of Oat
           Oat grain is characterized by a high protein content and a distinct protein profile. Unlike other cereals like wheat, barley, and rye, which have prolamins as storage proteins, oats have globulins as storage proteins. Globulins are soluble in salt-water solutions and account for 55% of total oat proteins, as classified by Osborne. Prolamins are present in oats only in trace amounts (Chen et al., 2021).
            Avenins are also storage proteins in oats and account for 10-13% of total protein. Oat proteins are rich in essential and limiting amino acids like lysine, threonine, and glutamine, but lower in proline compared to other cereals. The protein content of oat groats is known to vary between 12.4% and 24.5%. The embryonic axis and scutellum of the grain have higher levels of amino acids than other parts of the grain (Klose and Arendt 2012).
            Enzymes are the most valuable metabolically active proteins in oats. Like other cereals, oats also have a diverse array of enzymes. Various enzymes have been reported in oats in earlier studies, which include maltase, proteases, phenoxyacetylase, hydroxylase, α-amylase, lichenase, tyrosinase, phosphatase, and lipase (Sangwan et al., 2014). 
2.3 Crude Lipid Content and Fatty Acid Composition of Oat
           Oats contain the highest amount of fat among the cereal grains. They are rich in linoleic acid and low in saturated fatty acids, which can be beneficial in lowering the risk of cardiovascular diseases. The major fatty acids found in oats are monounsaturated fatty acids (MUFA, C18:1), polyunsaturated fatty acids (PUFA, C18:2), and saturated fatty acids (C16:0) (Kouřimská et al., 2018).
          Triglycerides constitute the largest fraction of lipids in oats, while phospholipids, glycolipids, and sterols are also found in appreciable amounts. Because of their high lipid content, oats are regarded as a rich source of functional food materials for different uses (Sangwan et al., 2014).
2.4 Micronutrient Composition of Oat
          Micronutrients comprise vitamins and minerals that are required by the body in small quantities but are necessary for healthy metabolism, growth, and maintenance. Because the body cannot produce most of the micronutrients, they must be derived from the diet. A balanced diet of both macronutrients and micronutrients is required for good health (Godswill et al., 2020).
         Minerals are divided into major (macro) minerals and trace (minor) elements. Major minerals, which are required in quantities above 100 mg/day in adults, include sodium, potassium, magnesium, calcium, phosphorus, chlorine, and sulfur. Trace minerals, which are required in quantities below 100 mg/day, include iron, zinc, copper, chromium, cobalt, molybdenum, selenium, nickel, manganese, fluorine, iodine, silicon, tin, and vanadium (De Oliveira Maximino et al., 2021).
           Like other cereals, oats contain about 2-3% mineral matter. The iron and zinc contents in 43 oat samples ranged from 1.8-6.8 mg/100 g and 6.5-10.2 mg/100 g, respectively. Butt et al. analyzed that in per 100 g of oat flour, the mineral matter content was about 60 mg of calcium, 372 mg of phosphorus, 3.8 mg of iron, and 3.9 mg of zinc. The latest information on mineral composition is given in Table 2 (Kaur et al., 2019).
           Oat micronutrients also encompass vitamins, which are organic in nature and are required in microgram to milligram quantities. The oat grains contain appreciable amounts of various vitamins (mg/100 g), such as thiamine (0.76), riboflavin (0.14), niacin (0.96), pantothenic acid (1.35), vitamin B₆ (0.12), and total folate (56). The presence of vitamin C (0.1 mg/100 g), thiamine (0.44-0.53 mg/100 g), riboflavin (0.40-0.60 mg/100 g), and vitamin E (0.13-0.87 mg/100 g) in oats. Similarly, Gabrovska et al. identified the presence of vitamin C (0.1 mg/100 g), niacin (0.68 mg/100 g), vitamin B₆ (0.18 mg/100 g), and vitamin E (1.32 mg/100 g) in oat grains (Gabrovská et al., 2004).
Health-Promoting Properties of Oat
[image: ]Oats are rich in essential nutrients and provide numerous health benefits (Fig. 2).
Fig.2. Health-Promoting Properties of Oats

4.1 Health Benefits of β-glucan
            β -Glucan has a significant role in the regulation of the immune system. It acts by binding to certain cell surface receptors, activating macrophages, white blood cells, neutrophils (phagocytosis), and lymphocytes. It also has antitumor and antimicrobial activities. In cosmetic products, the immunological effects of β-glucan activate Langerhans cells, which produce cytokines, primarily interleukin-1 (IL-1). This increases the proliferation of fibroblasts (skin cells) and the production of collagen, elastin, and proteoglycans. As a result, β-glucan has various skin benefits, including film-forming, anti-aging, moisturizing, wound healing, soothing, UV protection, and anti-irritation. Moreover, β-glucan can help in the healing of vascular injuries (Bhatt and Pandey 2021).
4.1.1 Effects of Oat β-glucan on Blood Cholesterol
             High levels of low-density lipoprotein (LDL) cholesterol are toxic to blood vessels because LDL cholesterol has a tendency to penetrate and accumulate in the arterial walls. LDL cholesterol is also more prone to changes in its structure, such as oxidation and glycosylation, which have a critical role in the pathogenesis of atherosclerosis. This is especially true for small, dense LDL particles. On the other hand, high HDL cholesterol levels are a protective factor against coronary heart disease (CHD) because HDL cholesterol helps to remove excess cholesterol from the arterial walls and protects LDL cholesterol from oxidative damage.
          The hypocholesterolemic properties of oats were proven for the first time in 1963. The intake of oats has been found to decrease the levels of total and LDL cholesterol by 2-23%, establishing the strong hypocholesterolemic properties of oats. Oats also have the ability to enhance lipid profiles by increasing the levels of HDL cholesterol and apolipoprotein A-I, which is the major structural and functional component of HDL (Prasanthi et al., 2025).
4.2 Protective effects of Oat against Cancer
        Oat are known to possess significant health benefits, primarily due to the presence of antioxidants such as vitamin E and a number of phenolic compounds that have been identified to possess strong antioxidant activity in vitro and in vivo conditions. The phenolic compounds present in oats have been found to counteract reactive oxygen and nitrogen species and chelate transition metals, thus reducing oxidative stress (Chen et al., 2004).
           Recent studies have explored the potential of orally delivered β-glucan as an immune adjuvant. When used in combination with monoclonal antibodies that trigger complement proteins, β-glucan potentiates the innate immune system’s ability to recognize and destroy cancer cells. This approach allows primed neutrophils, which normally fail to target cancer cells because of their recognition as “self,” to interact with and destroy cancer cells. Conventional cancer therapies, including monoclonal antibodies and vaccines, act mainly on the adaptive immune system and do not affect the innate immune system’s recognition of cancer. Consequently, the use of monoclonal antibodies alone may not completely activate the innate immune system. Demir et al. (2007) found that oral β-glucan significantly increased the proliferation and activation of monocytes in the peripheral blood of patients with advanced breast cancer, suggesting its potential use in immunotherapy.
Table.2. Health Benefits of Oats and Responsible Components
	Health Benefit
	Active Component
	Mechanism of Action
	References

	Cholesterol lowering
	Β-glucan
	Forms viscous gel, reduces LDL absorption, improves lipid profile
	Othman et al., 2011; Jalili et al., 2019

	Blood sugar control
	Β-glucan (soluble fiber)
	Slows digestion, delays glucose absorption, improves insulin response
	Hooda et al., 2010

	Weight management
	Dietary fiber & protein
	Increases satiety, slows gastric emptying, reduces calorie intake
	Bell, 2011

	Antioxidant activity
	Avenanthramides
	Prevents LDL oxidation, reduces oxidative stress
	Yang et al., 2014

	Cancer protection
	Β-glucan & phenolics
	Enhances immune response and inhibits tumor growth
	Demir et al., 2007

	Gut health improvement
	Β-glucan (prebiotic fiber)
	Stimulates beneficial gut bacteria and SCFA production
	Perry & Young, 2016

	Cardiovascular protection
	Unsaturated fatty acids & β-glucan
	Improves lipid profile and vascular function
	Kouřimská et al., 2018

	Anti-inflammatory effects
	Avenanthramides
	Reduces inflammatory cytokines and oxidative damage
	Tripathi et al., 2018



4.2.1 Protective effects of Oat β-glucan against Cancer
           Since the 1980s, β-glucans have been used as immune adjuvants in the treatment of tumors and cancers. Experimental studies have proved that β-glucan has the ability to control the growth of tumors. Most of this work was done in Japan, where it was seen that there were significant antitumor as well as anticancer achievements. In this regard, the growth of tumors, the size of tumors, metastasis, survival rate, etc., were observed, where (1-3)β-glucan was administered as a preventative agent. The anticancer property of β-glucan is regulated by numerous factors, such as type of tumors, genetic background of the host, dose, schedule, route of administration, and size of tumors (Prasanthi et al., 2025).
4.3 Oat and Vascular Health
          These compounds have been observed to play a significant role in the healing of vascular injuries among various models of mammals, although the mechanism is still unknown and may depend on the nature of the injury. It is suggested that the compound may help in the healing process by enhancing the inflammatory response through the induction of TNF-α synthesis among wound-related macrophages, hence resulting in a greater influx of neutrophils at the site (Roy et al., 2011).
          In diabetic mice, β-glucans induce macrophage activation for the secretion of cytokines and growth factors, resulting in an acceleration of the healing process. In Mesocestoides corti, which infects mice in their tetrathyridial stage, β-glucans seem to induce activation of phagocytes, reduce fibrosis in the liver, diminish parasite burdens, and accelerate recovery in the liver. β-glucans also possess antioxidants, which mitigate lipid peroxidation and provide protective effects against oxidative damage in spinal cord injuries, and in cell repair following irradiation, as observed in albino rats (Salama, 2011).
        Apart from these immunostimulatory effects, β-glucans can affect non-immune cells as well. For example, human fibroblasts express receptors for fungal (1–3)-β-D-glucans, which may activate NFκB and induce increased IL-6 mRNA levels. In addition, studies performed using mouse fibroblasts grown in cultures have implied that β-glucans may induce cell proliferation.
4.4 Antioxidant Potential of Oat
        Oat possess a distinct and potent antioxidant profile, which includes avenanthramides (AVAs), oat saponins, wax alcohols, and acid esters. AVAs are phenolic compounds primarily present in the bran and outer layers of the oat kernel and are recognized for their strong antioxidant activity. It has been noticed that the antioxidant potency of AVAs is 10-30 times greater than that of common cereal phenolics like ferulic and vanillic acid (Yang et al., 2014). AVAs inhibit the formation of reactive oxygen species, LDL oxidation, and atherogenicity, and may also display synergistic action with vitamin C to enhance cardiovascular protection.
4.4.1 Avenanthramide compounds
        Avenanthramides are formed through the reaction of an anthranilic acid derivative with a hydroxycinnamic acid derivative. The three principal avenanthramides in oats, avenanthramides 1, 3, and 4, are commonly referred to as A, B, and C. Avenanthramides are present at a concentration of 26-27 μg/g in oat flakes and 13 μg/g in oat bran. Avenanthramides are bioavailable and display antioxidant, anti-inflammatory, and anti-atherogenic properties (Peterson et al., 2002).
           Avenanthramides are novel bioactive polyphenols in oats and have diverse therapeutic applications, including antioxidant, anti-inflammatory, antiproliferative, and vasodilatory actions. They act on key signaling pathways involved in cancer, cardiovascular disease, diabetes, and inflammation. Clinical trials have revealed that avenanthramides are bioavailable and display tissue-specific and dose-dependent effects. They have been shown to modulate cell cycle proteins, suppress tumor growth, and improve endothelial function (Tripathi et al., 2018). Consuming avenanthramide-rich oats on a daily basis may therefore assist in the prevention of chronic and age-related diseases. Due to their pharmacological safety, avenanthramides possess immense potential as principal or supplementary drugs in natural, low-toxicity therapies.
4.5 Effects of Oat on Postprandial Glucose and Insulin Responses
        The soluble fiber component of oats, especially β-glucan, is known to play a significant role in enhancing postprandial glycemic and insulinemic indices, especially when consumed as part of a low-glycemic diet. Evidence suggests that oats, when consumed in the form of purified β-glucan, oat bran, or oatmeal, help to reduce fasting and postprandial blood glucose and insulin concentrations. Insulin resistance, a key contributing factor to type 2 diabetes and metabolic syndrome, is the main target of therapeutic approaches involving oat β-glucans.
          There is substantial evidence supporting the link between high dietary fiber intake and improved insulin sensitivity. A negative correlation has been found between insulin resistance and the consumption of total, soluble, and insoluble dietary fiber. Clinical trials have shown that oat β-glucans form a viscous gel in the gastrointestinal tract, slowing down digestion and nutrient absorption, especially carbohydrates. This mechanism delays glucose absorption and helps to maintain blood sugar concentrations (Butt et al., 2008).
          Gel-forming β-glucans create a barrier to digestion and absorption, resulting in decreased postprandial glucose and insulin responses. A study on patients with type 2 diabetes, using glucose challenges and oat bran products (12.5g and 25g). The findings revealed that oat bran significantly decreased postprandial glucose concentrations in the first hour compared with glucose challenges alone. Although glucose concentrations were slightly higher in the oat group after 120 minutes, the net result was a slower glucose absorption rate, decreased insulin secretion, and a blunted pancreatic response. Thus, oat β-glucans are useful in reducing peak glucose concentrations and modulating insulin secretion, making them useful in diabetes prevention and management (Hooda et al., 2010).
4.6 Role of Oat in Gluten-Free Diets and Celiac Disease
          Common oat (Avena sativa) is a cereal that has high nutritional value and can be used as a dietary supplement for celiac patients. Oats are officially recognized as a gluten-free ingredient by the European Commission Regulation (EC) No. 41/2009. This makes oats a good source of nutrition for celiac patients (Rasane et al., 2015).
          The use of oats in the diet of celiac patients has been widely studied. It has been confirmed that the consumption of pure oats is safe for celiac patients at a dose of 50-70 g/day in adults and 20-25 g/day in children. Moreover, the oat storage protein avenin is not known to induce an autoimmune response in celiac patients. This makes oats a good ingredient for the preparation of gluten-free foods such as biscuits, pasta, and snacks for celiac patients (Ballabio et al., 2011).
4.7 Effects of Oat on Bowel Function
          A large dietary fiber intake is well known for its effectiveness in the prevention and treatment of constipation. Oats are rich in both soluble and insoluble fibers, with a substantial amount of β-glucan, a water-soluble fiber. Soluble fibers act as a substrate for fermentation in the colon and possess a high capacity for water binding and gel formation. On the other hand, insoluble fibers are known to increase fecal bulk, improve laxation, and help in the relief of constipation because of their low digestibility, which decreases the intestinal transit time (Bell, 2011).
          Oat β-glucan is also a prebiotic. A prebiotic is a non-digestible food component that selectively promotes the growth and activity of beneficial intestinal bacteria, hence improving the health of the host. Β-Glucan is not digested in the small intestine since mammalian enzymes are incapable of hydrolyzing it. When it arrives in the large intestine, it is fermented, and this increases the microbial mass that retains water and improves stool moisture, hence relieving constipation. In addition, β-glucan stimulates the production of short-chain fatty acids (SCFAs) and helps in the growth of beneficial bacterial strains. The synergistic action of increased microbial mass, improved water retention, and the bulk-forming action of insoluble fiber results in improved colon function (Perry & Young, 2016).
4.8 Role of Oat in Weight Management
          Oat are known to be rich in dietary fiber, which has been recognized as a key factor in weight management. There is clinical and epidemiological evidence that suggests the consumption of fiber can help prevent excessive weight gain, reduce the risk of obesity, and aid in the maintenance of a healthy body weight. Obesity is an established risk factor for coronary artery disease and has been linked to other conditions such as dyslipidemia, hypertension, and hyperglycemia. Weight loss has been demonstrated to improve coronary risk factors (Roy et al., 2011).
         The viscous nature of oats, especially β-glucan, has been shown to improve satiety and decrease overall energy intake. The texture of the fiber promotes chewing, and its viscosity slows gastric emptying, intestinal transit, and the digestion and absorption of lipids and carbohydrates. These properties help to regulate glycemic responses, improve satiety, and facilitate calorie control. In addition, oat β-glucan has been linked to increased plasma concentrations of cholecystokinin (CCK), a hormone that stimulates satiety, particularly in response to fat intake.
         Oat also contain higher amounts of protein than most other cereal grains, and protein is generally more satiating than either carbohydrate or fat. In addition, the amino acid content of oats, which has a low lysine-to-arginine ratio, has been recognized as hypocholesterolemic and has been suggested to provide a possible mechanism for the cardiovascular benefits of oats (Bell, 2011).
4.9 Prebiotic effects and Metabolic Properties of Oat
          Current research has identified oats as a functional food with profound prebiotic and metabolic properties. Connolly (2012) showed that whole-grain oat breakfast cereals increased the levels of Bifidobacteria and Lactobacilli in in vitro fermentation studies. The oat breakfast cereals also increased the production of desirable SCFAs such as butyrate and had a lower glycemic index than refined-grain alternatives, which is beneficial for glucose metabolism and gut health.
          Sargautiene (2018) further examined the non-starch polysaccharides (NSPs) of oats, such as β-glucans and arabinoxylans. The NSPs acted as prebiotics by stimulating beneficial microbes and increasing SCFA production, particularly acetate and propionate. Soluble NSPs were fermented faster, leading to a lower pH in the colon, which is ideal for the growth of beneficial microbes. The study supports the use of oat NSPs in functional foods that can be used to promote gut health.
         Xu (2021) compared the effects of oat consumption and white rice on patients with mild hypercholesterolemia. Oat consumption significantly lowered LDL and total cholesterol levels while increasing SCFA production and microbial diversity. The cholesterol-lowering and prebiotic properties of oats were mainly due to oat β-glucan. These studies provide conclusive evidence that whole-grain oats and oat NSPs have significant prebiotic properties, improve gut microbial balance, lower blood cholesterol levels, and improve glucose metabolism, which helps in the management of type 2 diabetes and hypercholesterolemia.
Conclusion 
          Oat are highly nutritious breakfast foods that contain high amounts of fiber, protein, lipids, and essential bioactive compounds like β-glucan and avenanthramides. They help to reduce cholesterol, control blood sugar, facilitate digestion, and maintain cardiovascular health. Because of their health-giving properties, oats are considered a major functional food that helps to maintain health.
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